The parameters of analytical procedures developed for direct ETAAS determination of Pb in wine are discussed. Atomic absorption spectrometers based on transversal and longitudinal Zeeman effect, wall and integrated platform atomization with two main approaches: (i) measurements in the presence of modifier and (ii) measurements without using any modifier are compared. The optimal temperature programs are defined according to the pre-treatment and atomization curves constructed in the presence of different types of wines. For all investigated instrumental systems, 1:1 dilution of wine sample with 0.2 mol L −1 HNO 3 is recommended. Matrix interferences observed, call for standard addition calibration method for Pb quantification in wines. The detection limit (3σ) achieved for wine diluted in the ratio of 1:1 varied from 0.8 to 1.9 μg L −1 depending on the instrument used. The relative standard deviation for the concentration range of 10 to 80 μg L −1 Pb in wine is typically between 4-8%.
Introduction
Numerous studies have shown that a moderate consumption of wine, especially red wine, improves human health and longevity when it is combined with a balanced diet [1] . How-ever, beverages of different kinds have been investigated for their content of Pb, Cd, Ni, Cr, As and Hg and about ten times higher Pb content was found in wine than in most other beverages [2] . Therefore, wine as a widely consumed beverage is accepted as one of the significant sources of Pb in human diet. On the other hand it has been found that around 90% of Pb in wine is bound to a 10 kD biomolecular dimer of pectic polysaccaride rhamnogalacturonan II (dRG-II) [3] . Even more, a study carried out by the same authors on 20 different wines shows that inorganic Pb ion, on which the toxicity conclusions are based, may not exist in wine. Nevertheless, maximum permissible limits for Pb content in wine are set in each country viz 0.2 mg L −1 is the limit for Bulgaria and Macedonia, which also corresponds to the maximum threshold set for Pb as recommended by L'Organisation Internationale de la Vigne et la Vin (OIV). The Pb content in wine depends on variety of factors such as soil chemistry, regional geology, factors that are related to the wine making processes from grapes to the finished and bottled wine products and those related to anthropogenic pollution. Isotopic ratio measurements have shown that Pb content in wine is strongly related to and reflects the airborne pollution [4] . Direct routine determination of natural levels of Pb in wine is possible by electrothermal atomic absorption spectrometry (ETAAS) or inductively coupled plasma -mass spectrometry (ICP-MS). Among them ETAAS is the most widely used method applied for determination of Pb and is also recommended by OIV [5] . Considering the fact that lead is a volatile element and wine a relatively complex matrix, the important parameters ensuring reliable and accurate determination of [13] . Most frequently, standard addition calibration is recommended for quantification of Pb in wine although Bi as an internal standard is also applied for precise elimination of matrix interferences [9] . ICP-MS is a very useful technique for analysis of Pb content, usually as a part of multi-element analysis of wine. Accurate and precise results can be obtained if, matrix effects are compensated by using matrix-matched blanks and standards or internal standards [14, 15] . Although Pb is one of the most frequently determined element detected in wine samples, the problem of Pb quantification is not an easy analytical task in wine laboratories as reported in IMEP (International Measurement Evaluation Program)-16 [16] . According to this document there are about 40% of the results accurate within ± 10% uncertainty and nearly 33% falling in the range outside the ± 50% uncertainty region. In the present study, important parameters of analytical procedures for ETAAS determination of Pb in wine using longitudinal and transversal Zeeman effect in the presence of Pd as modifier or without modifier are compared and discussed. Optimal temperature programs are defined according to the pretreatment and atomization curves constructed in the presence of wine. Graphite tubes with integrated platforms are recommended as atomizers. Optimal wine dilution factor and calibration procedure are recommended taking into account the degree of matrix interferences.
Experimental

Instrumentation
Atomic absorption measurements were performed with: Perkin-Elmer (Norwalk, CT, USA) Zeeman 3030 spectrometer with an HGA-600 graphite furnace; Perkin-Elmer Model AAnalyst 600 atomic absorption spectrometer equipped with a transverse heated graphite atomizer (THGA R ) with longitudinal Zeeman effect background corrector; A Varian (USA) model SpectrAA 880 atomic absorption spectrometer with deuterium arc background correction; Varian (USA) model SpectrAA 640Z with transversal Zeeman background correction both equipped with GTA 100 graphite furnace. Pyrolytically coated graphite tubes with and without integrated platforms (Perkin Elmer) and end-capped THGA R graphite tubes with integrated platforms were used as atomizers for the Perkin
Elmer instruments, graphite tubes with and without center fixed platforms were employed as atomizers for Varian instruments. Sample aliquots of 20 µl and 5 µL of modifier solution were injected into the graphite furnace using an autosampler. All measurements were carried out with at least three replicates and based on integrated absorbance. Optimum temperature programs for ETAAS measurements are presented in Table 1 . For sample decomposition, an Ethos Touch Control pressurized microwave digestion device (Milestone, Italy) with a rotor for 12 Teflon digestion vessels, equipped with a temperature sensor and a pressure sensor was used.
Reagents
Standard solutions were prepared from 1000 mg L −1 Pb standard (Merck, Germany).
Working standard solutions were prepared fresh, daily by diluting appropriate aliquots of the stock solution in double distilled water. The matrix modifiers used were palladium solutions of different concentrations prepared from a 1000 mg L −1 palladium standard solution from Merck. Suprapure hydrogen peroxide and nitric acid were provided by Merck and used for the decomposition of the wine matrices.
Procedures
Direct ETAAS determination: Lead was measured in different types viz red, white, rose wines. The wines were diluted with 0.2 mol L −1 HNO 3 in 1:1, 1:2 or 1:4 ratios) and injections of 20 µl samples with or without addition of 5 µl of modifier solutions were carried out.
Decomposition procedure was performed as follows: A portion of 50 ml wine samples was placed in a 100-ml beaker with 2 mL conc. HNO 3 and 5 mL of 30% H 2 O 2 , covered with watch glass and heated on a hot water bath until a transparent and clear solution was obtained. The watch glasses were then removed and the samples were heated and concentrated further until a wet residue was obtained. Heating to dryness was avoided. The residue was cooled, dissolved in distilled water, transferred to a 50-mL volumetric flask and diluted to required volume with double distilled water. A blank was also run through the whole decomposition procedure.
MW decomposition of wine samples: A portion of 10 ml of wine sample is concentrated by evaporation to 5 ml under an IR lamp for removal of ethanol and placed in a Teflon digestion vessel followed by addition of 2 mL concentrated HNO 3 and 2 ml 30% H 2 O 2 , the vessels are then closed, and placed in the rotor of microwave oven. The digestion run program was set to 150 W/10 min; 0 W/2min; 300 W/5min; 0 W/2min; 500 W/10 min. Finally, the vessels were cooled, carefully opened and the digests quantitatively transferred to 10 ml calibrated flasks.
Results and discussion
Optimization studies
The furnace program for the various atomic absorption spectrometers and atomizers was optimized with the pretreatment and atomization curves constructed for 20 µg L −1 Pb in the wine samples and in the decomposed wine samples, diluted with 0.2 mol L −1 HNO 3 for both, in the presence and absence of Pd as a modifier. The results obtained can be summarized as follows:
• no difference in the thermal behaviour of Pb in the digested wine samples was observed, regardless of whether a water bath or MW was employed for digestion.
• the maximum pretreatment temperature achieved for the Perkin Elmer instruments that gave minimal losses in the absence of modifier was found to be 400
• C for Pb in 0.2 mol L −1 HNO 3 and 500
• C for Pb in wine samples, independent of whether they are digested or measured directly. The optimal atomization temperature was found to be 1500
• C for all kinds of samples.
• similarly, the pretreatment temperature achieved for the two Varian instruments that gave minimal losses in the absence of modifier is 300
for both, digested and undigested wine samples. Optimal atomization temperature is observed to be 2100 • C • in the presence of 3 µg Pd, thermal stabilization of Pb with the various spectrometers and atomizers up to 900
• C was achieved for all samples studied except with Perkin Elmer instruments, where a temperature of at least 2000 • C was needed for atomization, however, a ∼10% lower sensitivity was found for Pb determination in all kinds of samples. At least 2200
• C should be used as atomization temperature for Varian instruments and the presence of Pd as modifier does not influence the sensitivity.
• integrated platform atomization ensures 50% higher sensitivity for Perkin Elmer instruments and 25% higher sensitivity for Varian instruments compared to the wall atomization.
• behaviour of Pb in wine samples is completely different for two type of spectrometers studied. For Perkin Elmer spectrometers, determination of Pb in wine in the absence of Pd as a modifier is the preferable analytical procedure since better absorbance time profiles were observed with low background absorption values and higher sensitivity. It might be concluded that wine matrix components e.g. phosphates and Mg act as an internal modifiers. However, Pb determination is also possible in the presence of 1 µg Pd with thermal stabilization of 800 • C being achieved although with an overall lower sensitivity (Fig. 1) . For Varian instruments, especially for the instrument with deuterium arc background correction, at least 3 µg Pd in wine samples had to be used for the minimization of background absorption values and thermal stabilization of Pb till 900 • C. In order to avoid the addition of modifier to each of the sample injections, a permanent modifier approach was tested. THGA R graphite tubes with integrated platform were pre-treated with Zr and then with Ir by successive multiple injections of modifiers on platform and multi-stage thermal treatments [17] . The same procedure was performed for centre fixed platforms of Varian atomizers. Unfortunately, results obtained showed that permanent modification is not a useful procedure in wine analysis. Higher values of nonspecific absorption were found and a lower sensitivity for Perkin Elmer and Varian spectrometers. It might be assumed that over stabilization of Pb, together with some wine matrix elements is observed thus depressing the degree of Pb atomization. Optimal temperature programs and modifiers for Pb determination in wines are summarized in Table 1 .
In the next step, matrix interferences in the presence of 0.2 mol L −1 HNO 3 for various wine samples using different dilution factors were evaluated by the slopes of calibration curves obtained and the results are presented in Table 2 . It was observed that for all wine samples, the degree of matrix depression was found to be in the range 15-20% if 1:1 dilution factor is used. The same conclusion could be drawn by comparing characteristic masses obtained for Pb in the presence of 0.2 mol L −1 HNO 3 and wine matrix (see results in Table 2 ). Direct ETAAS determination of Pb in un-diluted wine is characterized with even higher degree of depression and was different for different types of wine. Model experiments performed to study the influence of wine matrix components on the degree of atomization of Pb showed that sulfur containing compounds e.g. sulfates, sulfites and sulfides account the most serious interferences. The organic components of wine such as tartarates usually enhanced ETAAS signal for Pb. Since the addition of SO 2 as wine fining procedure, especially for white wines is unavoidable, at least a 1:1 dilution of the wine sample with 0.2 mol L −1 HNO 3 and standard addition calibration is recommended for accurate and reliable determination of Pb in wine. It is noteworthy that no carbonic residue was observed in any of the atomizers when 0.2 mol L −1 HNO 3 was used for dilution of the wine samples. As was expected and experimentally observed (Table 2) , higher dilution factors of wine sample minimized the degree of matrix interferences and a direct reading with the calibration curve prepared with aqueous standards is possible, however the detection limits achieved are higher.
Analytical figures of merit
Wine samples with relatively low Pb content (below 5 g L −1 ) were analyzed in 5 replicates using optimal instrumental parameters defined for atomic absorption systems studied. Detection limits are presented as 3s/r where s is the calculated standard deviation from 5 replicates and r is the slope of calibration graph obtained for each wine sample analyzed.
Results obtained are presented in Table 3 . Within and between, run precisions as well as correlation coefficients of standard additions graphs are also depicted in the Table 3 . The accuracy of the analytical procedures proposed for direct ETAAS determination of Pb in wine was confirmed by comparative analysis of parallel samples by prior MW digestion of wine sample. Results obtained for Pb in all types of wine correlate very well between directly measured and wine samples that were subjected to digestion. Furthermore, wine samples were analyzed in parallel by using different spectrometers under specified optimal instrumental parameters and a very good agreement between results was observed in the t-test, ANOVA with 95% confidence level.
Since a standard reference material was not available in the laboratory the veracity of direct ETAAS methods developed was cross checked also by "added-found" method performed for the three most different types of wine namely, white, rose and red. Recoveries in the range 92-100% were obtained for all types of wine studied with various atomic absorption systems (sample results in Table 4 for Varian SpectrAA 880). 
Lead concentration in Macedonian wines
A total of 66 wine samples were analyzed by the described direct ETAAS procedure. Lead content in red wines were found to be in the range of 7.5 − 72.4 µg L −1 and from 7.2 − 67.6 µg L −1 in white wines.
Conclusion
Direct ETAAS methods were optimized for the determination of Pb in wine. Atomic absorption spectrometers based on longitudinal and transversal Zeeman effect as well as with deuterium arc background correction were tested. It is shown that optimal instrumental parameters are relatively different for different atomic absorption systems. The most important conclusions are: at least a 1:1 wine sample dilution with 0.2 mol L
−1
HNO 3 has to be used; graphite tubes with integrated platforms are preferable atomizers; for Varian atomic absorption systems Pd as efficient modifier for thermal stabilization of Pb should be employed; standard addition calibration procedure is recommended for Pb quantification for all studied systems. It is worth mentioning that this study shows different optimal instrumental parameters for different AAS systems which is an important conclusion for routine analytical practice.
